Abstract-The analysis of time series from real system is the most direct link between nonlinear theory and real world. If the measure data from nonlinear system are described linearly, useful signal could not found out. The nonlinear methods in this paper, Poincaré map, fractal dimension, and correlation dimension, are introduced to detect chaos phenomena in a system. These nonlinear algorithms can be used to pick up signal characteristics of time series. Some examples are presented to illustrate how to apply these methods in signal detection and engineering signal analysis.
INTRODUCTION
The most direct link between nonlinear theory and real world is the analysis of time series from real system. Linear methods interpret all regular structure in data sets, such as a dominant frequency, linear correlations. This means the intrinsic dynamics of system is governed by the linear paradigm that small causes lead to small effects. But a nonlinear system will most likely produce irregular data, and time series consist of random number. If the measure data are properly described linearly, any significant information could not be found. The time series analysis in economics, meteorology, and other fields is very important. And the new prediction algorithms will be found and developed. Some of the techniques as a possible tool in the industry have been considered. Cor M. pointed out a transition from one hydrodynamic regime to another is characterized by a dip in the Kolmogorov entropy [1] . Gareth Chaplin carried out the response of the S-statistic to moisture changes resulted from hydrodynamic state changes, not only providing for new means of tracking moisture content within the bed but also allowing for the identification of a specific hydrodynamic state at any point in the drying process [2] . Jun Wu established a global chaos model to predict water quality time series that comprised a small amount of data [3] . Shabani pointed out a bifurcation diagram and a Lyapunov exponent plot were also used to investigate the evolution of the response with increasing excitation amplitude [4] . Kazuyuki reviewed the research on applications of chaotic dynamics in chaos engineering and previewed a future direction [5] . They show that a fractal structure of the strange attractors in the Poincare map is used to qualitatively identify the chaotic responses. The sensitive dependence on initial conditions and a positive Lyapunov exponent practically guarantee chaotic sequences. This paper introduces the nonlinear methods and applications for signal detection. Nonlinear methods can be used to pick up signal characteristic of a data set.
II. BASIC PRINCIPLE

A. Poincaré map
Dynamical system varies with time, so does its status. Therefore, the description of the status space is very important. The space is often composed of a kind of manifold multiplied with space of time coordinate. This manifold is a curved space (including the flat plane space) to indicate all possible situations in system for configuration at certain time. It is called configuration space. Dynamic system is a kind of mapping from the model status space to configuration space. Then, a dynamical system is a mapping.
where the vector of M is a manifold, which could be an Euclidean space as a flat plane space, R n , or a curved space, such as a curved line, a curved plane, or a supercurved plane.
Figure1. Schematic diagram of Poincare section
In an n-dimensional space, the (n-1)-dimensional supercurved plane Σ is taken from the manifold, as shown in Figure 1 , where ξ 0 is a point in the n-dimensional space. The trajectory path through ξ 0 intersects with Σ at the point ξ 1 . Then, a series of intersectional points, ξ 2 , ξ 3 , and so on, would be obtained. Relationship of these points can be explained as ξ n+1 =P (ξn) , where P is called Poincare surface of section. The investigation on P is simple because P is the intersection in the (n-1)-dimensional space. By Poincare section, dynamic behaviors of manifold in two, three or high dimensional space could be analyzed. Features of Poincare section could be also obtained for manifolds qualitatively. High-dimensional system can be investigated through number of dimensions lowered by Poincare section, as expressed as following,
B. Fractal dimension
The fractal dimension is a clear sign of different strange attractors. It is the characteristic value of data sets. The following calculation method of fractal dimension bases on Hurst Index. If the time series
, the deviation of mean value in the time τ is
The range is R xi xi
The standard deviation is
Here x i is the measure data set. 
C. orrelation dimension
The correlation dimension is the response of a system state. The system state is a point in phase space. The phase space can be reconstructed from time series. Therefore, the first step is the reconstruction of phase space. By assuming that time series x (i) are {x 1 Figure 2 is an application of quickly detecting whether the structural VIV is occurred from time series of measured signals [6] . Figure 2a is Poincare map of 0 # cylinder oscillation. The amplitude of oscillation reaches up to the maximum at the velocity of 5cm/s and 10 cm/s. Figure 2b is Poincare map of 5 # cylinder oscillation. With the velocity increasing up to 10, 13 and 15 cm/s, the elliptic shape appeases on Poincare map, which indicates the system enters into a different periodic orbit. The amplitude of oscillation reaches up to the maximum at velocity of 13 cm/s. This experiment shows that Poincare map is quick and reliable as a new means of detection of VIV for engineering. 
III. APPLICATIONS
A. Poincare map
B. Fractal dimension
Flow patterns can be distinguished by using the fractal dimension [7] . Figure 3 shows three flow patterns divided by fractal dimension. The data are the time series of measured water holdup wave. When flow pattern changes from A to C, the fractal dimension increases gradually. In pattern A the fractal dimension d ranges from 1.051 to 1.216, in patten B from 1.217 to 1.418, and in patten C with 1.25. In the same pattern, the fractal dimension of flow pattern has a small difference. Diferent patterns have different levels of fractal dimension. 
C. Correlation dimension
The correlation dimension is another way to recognize flow patterns [7] . Figure 4 is the result of estimated correlation dimension. The data are collected from measured water holdup wave. In pattern A the correlation dimension Dc ranges from 1.657 to 1.966, in patten B from 1.9714 to 2.726, and in patten C, Dc is 3.175. The result shows that correlation dimension is available to distinguish different flow patterns clearly.The correlation dimension of water holdup wave can play an important role in recognizing flow patterns. And the correlation dimension is more effective than the fractal dimension to recognize flow pattern. The correlation dimension is a good indicator of flow pattern recognization. Poincaré map, fractal dimension, and correlation dimension. Nonlinear methods can be used to pick up the signal characteristic of a data set. It will become a useful tool for signal detection and engineering signal analysis.
